In the standard model the proton is protected from decay naturally by gauge symmetries, whereas in the ordinary minimal supersymmetric standard model an ad hoc discrete symmetry is imposed for the proton stability. We present a new supersymmetric model in which the proton decay is forbidden by an extra U(1) gauge symmetry. Particle contents are necessarily increased to be free from anomalies, incorporating right-handed neutrinos. Both Dirac and Majorana masses are generated for neutrinos, yielding non-vanishing but small masses. The superpotential consists only of trilinear couplings and the mass parameter µ of the minimal model is induced by spontaneous breaking of the U(1) symmetry.
Extending the standard model (SM) by supersymmetry [1] , though considered to be promising for physics above the electroweak energy scale, is confronted with a problem of the proton stability. Among the possible interactions allowed by the gauge symmetries of the SM and renormalizability, those which violate baryon-number or lepton-number conservation are included, leading to an unacceptably fast decay of the proton. For forbidding these interactions, an ad hoc discrete symmetry is usually imposed on supersymmetric models through R parity, as on the minimal supersymmetric standard model (MSSM). On the other hand, in the SM, baryon and lepton numbers are conserved merely as a consequence of gauge symmetries. Some more fundamental reason for the proton stability should exist also in the supersymmetric standard model. Another potential problem is raised by the linear coupling of the Higgs superfields contained in the superpotential of the MSSM. Since the mass parameter µ of this coupling enters into the scalar potential which determines SU(2)×U(1) symmetry breaking, its magnitude should be of the electroweak scale. Assuming the model coupled to N = 1 supergravity, the other mass parameters in the scalar potential are traced back to supersymmetry-softbreaking terms and thus related to the gravitino mass which can be taken as the electroweak scale. On the other hand, various mechanisms have been proposed to generate the µ parameter, although its origin is still controversial [3] .
Aiming at providing natural and consistent solutions for the above problems, in this letter, we propose a new supersymmetric standard model, based on the gauge symmetries with an extra U(1) group and N = 1 supergravity. It is plausible that the proton stability is guaranteed by a gauge symmetry. In particular, one of the simplest possibilities is by U(1) [4] [5] [6] [7] [8] . We present a U(1) gauge symmetry which conserves baryon number but allows lepton-number violation, sufficient for the proton stability. Particle contents are necessarily increased in order to be free from gauge and trace anomalies, and then incorporate right-handed neutrinos. Also included is a scalar field which has a non-vanishing vacuum expectation value (v.e.v.) and breaks the U (1) for the SM gauge groups, the particle contents resemble those of the extra-U(1) model based on the fundamental representation of the E 6 group. The difference is in hypercharge assignment to the new colored superfields, which is necessary to protecting the proton from decay by introducing an extra U(1) symmetry [6, 7] . In such an E 6 model an additional discrete symmetry has to be imposed for forbidding the proton decay.
The superpotential is given by
where contraction of group indices is understood. This superpotential contains all the terms consistent with gauge symmetries and renormalizability. The interactions which would vi- The model is coupled to N = 1 supergravity, which is spontaneously broken in a hidden sector at the Planck mass scale. Below the GUT scale the Lagrangian of the observable sector consists of a supersymmetric part and a supersymmetry-soft-breaking part prescribed by gauge symmetries and superpotential. The soft-breaking part contains mass terms for scalar bosons and gauge fermions, and trilinear couplings for scalar bosons.
We now examine the vacuum structure of this model. The SU (2) 
where m 3/2 denotes the gravitino mass, B H being a dimensionless constant, and M bound on the mass of Z 2 is given by M Z 2 ∼ > 600 GeV [9] ; and the mixing between Z and Z ′ should be sufficiently small, roughly given by
A Z ′ Z ′ , and A ZZ ′ represent the elements of the mass-squared matrix A for Z and Z ′ , according to analyses of various measurements for electroweak parameters [10] . These constraints require in some degree non-trivial differences of scale between the v.e.v.s.
The scalar potential in Eq. (2) In Tables II and III, have masses of this order of magnitude. Then, the constraints from the EDMs become theoretically amenable and the CP -violating phases need not be fine-tuned very small [12] .
If these phases are not suppressed, sizable CP violation is expected to occur in some reactions at the energy scale of order 1 TeV. In particular, since lepton number is also violated, certain reactions could involve both CP violation and lepton-number violation. For instance, the Higgs boson which is mainly composed of S can decay into both ν R ν R andν RνR , whose branching ratios could have different values. Such reactions may lead to a non-vanishing lepton number in the universe at around its electroweak phase transition. The baryon asymmetry of the universe could then be generated by converting the net lepton number through the sphaleron process.
In this model, a Dirac fermion which is composed of the fermion components of K and K c becomes stable, having both color and electric charges. Its mass is given by
which is of order 100 GeV − 1 TeV. The particle could thus be detectable in near-future experiments. On the other hand, such a stable particle may also be explored by nonaccelerator experiments, e.g. search for anomalous nuclei in seawater, provided that its relic density in the universe is not very small. In fact, a purely perturbative calculation for the pair annihilation of this particle leads to a density which may be inconsistent with constraints from such experiments. However, the annihilation cross section of a colored particle could be extremely enhanced by non-perturbative effects, which may render the density too small to be detected. Since these effects are not yet understood well quantitatively, large uncertainties of as much as ten orders of magnitude could emerge in the calculation of the relic density [13] , making a definite prediction difficult. In addition, some cosmological reasons, such as possible low-energy inflation, could dilute the relic density well below the detectable level.
Therefore, definite constraints on the stable particle should come only from accelerator experiments.
In summary, we have presented a new supersymmetric standard model based on SU(3)×SU (2) 
